characteristics and both may be useful premedications for ambulatory paediatric anaesthesia. We therefore designed the following study to compare the advantages and disadvantages of rnidazolam and ketamine in the ambulatory setting.
Methods
After approval by the Human Subjects Review Committee, written informed consent was obtained from the parents of 40 children scheduled for dental surgery in our ambulatory unit. The inclusion criteria included: l age between one and six years 2 ASA physical status I or II without central nervous system disease 3 abstinence from sedative or hypnotic drugs within the month preceding surgery 4 absence of allergies to benzodiazepines and ketamine 5 ambulatory dental surgery scheduled for up to two hours in duration Children were assigned by random selection using random number tables 7 to one of two premedications in a volume of 0.1 ml. kg-t: midazolam 0.5 mg. kg -t (5 mg'kg -t parenteral formulation) or ketamine 5.0 mg" kg -t (50 mg" kg -I parenteral formulation). Both medications were diluted in 0.2 ml. kg -l of chocolatecherry syrup, mixed thoroughly and administered to the children by their parents.
The reactions of the children to the taste of the premedication were noted. If the premedication was not completely ingested or retained, that child was excluded from further analysis. The randomization code of the excluded child was then assigned to the next child enrolled in the study.
Demographic data including age, weight and the extent of sedation and anxiolysis before premedication were recorded. Sedation and anxiolysis were assessed at baseline (before premedication), at 5, 10, 15 and 20 (separation of the child from his/her parents) min after administration of the premedication and at induction of anaesthesia (Table I ). All measurements of separation and anxiolysis in this study were completed by the same investigator (PJA) to minimize interobserver variability. The observer was blinded to the premedication administered. Twenty minutes after administration of the premedication, each child was separated from his or her parents and taken directly to the operating room for induction of anaesthesia.
A final assessment of sedation and anxiolysis was made at the time of application of the face mask at induction of anaesthesia. Nitrous oxide (70%) in oxygen was administered via the mask and breathing circuit. A cannula was then inserted into a peripheral vein and anaesthesia was induced with thiopentone 5 mg. kg -I and atropine 10-20 ~g-kg -I /v. Succinylcholine 1-2 mg. kg -I was then administered to facilitate nasotracheal intubation. Anaesthesia was maintained with halothane, at an inspired concentration titrated to stable vital signs, in 70% nitrous oxide and oxygen. The lungs were ventilated mechanically. At the conclusion of surgery, all anaesthetic drugs were discontinued simultaneously. The trachea was extubated when the child had resumed spontaneous ventilation and the gag reflex had returned. Analgesia in the recovery room was administered if the child complained of pain at the site of surgery or was difficult to console. Acetaminophen was administered as the analgesic of choice unless the pain was severe enough to warrant parenteral morphine or oral codeine. Discharge from the same day unit required stable vital signs, that the child be awake and alert, and that he/she tolerated clear fluids.
The times from discontinuation of anaesthesia until extubation, spontaneous eye opening, oral fluid intake and discharge from the same day unit were recorded. Side effects and analgesic requirements were noted. The parents were asked to complete a questionnaire regarding their child's anaesthetic experience (see Appendix).
Sample size estimation s
To estimate an appropriate sample size for this study three assumptions were made: a2 = 0.05, 13 = 0.20 and an effect size based on reported differences in the time to spontaneous eye opening after oral premedication with midazolam or ketamine. 3, 6 A minimum sample size of 17 children was determined. To allow for increased variability in the effect size, 20 children were included in each group. 8
Statistical analysis 7
Parametric data were reported as arithmetic means + standard deviation and analyzed using Student's unpaired t test. For sedation measurements, the proportion of children who were drowsy at each measurement period was compared with the proportion at baseline using Chisquare analysis. For anxiolyis measurements, the proportion of children who were calm at each measurement period was compared with the proportion at baseline using Chi-squarc analysis. Nominal data (incidence of vomiting) were analyzed using Fisher's exact test. Statistical significance, P < 0.05, was accepted.
Results
Seven of the 47 children who were initially recruited for the study refused to take their premedication. Forty children were divided equally between the two groups. The groups were matched with respect to age, weight, sex distribution and ASA physical status (Table II) .
Four children (20%) complained of the bitter taste of the midazolam preparation. None of the children in the ketamine group complained of the taste of the premedication. Surprisingly, one child from each group wanted more of the premedicant syrup.
The groups were similar with respect to the interval from administration of premedication until induction of anaesthesia, the duration of surgery and the time from discontinuation of anaesthesia until extubation, spontaneous eye opening and fast oral intake (Table Ill) .
Within 20 rain of administration of the premedication, sedation in the two groups was similar: most children became drowsy (Figures 1 and 2) (P < 0.001). None of the children lost consciousness (indicated as "Asleep" in Figures 1 and 2) or required airway support.
With regard to anxiolysis in the midazolam group, the proportion of calm children at 15 rain (P < 0.001) and at the time of separation from their parents (P < 0.05) was greater than the proportion at baseline (Figure 3) . The proportion of calm children at induction of anaesthesia was similar to that at baseline. The proportion of children who were tearful was similar at all times.
In contrast, in the ketamine group, only the proportion of calm children at 15 rain was greater than at baseline (P < 0.01) (Figure 4 ). The proportions of calm children at separation and induction of anaesthesia were similar to that at baseline. The proportion of children who were tearful/combative at induction of anaesthesia was greater than at both 10 (P < 0.05) and I5 (P < 0.01) min.
At the time of separation from their parents, 70% of the children in the midazolam group and 65% of those in the ketamine group were calm whilst 10% in the midazolam group and 20% in the ketamine group were tearful (Figures 3 and 4) .
When the face mask was applied, 80% of the children in the midazolam group and 65% in the ketamine group remained calm or apprehensive. However, 20% in the midazolam group were tearful and 35% in the ketamine group were tearful or combative (Figures 3 and 4) .
In the recovery room, the nurses administered analgesia to four children who had been premedicated with midazolam and to eight premedieated with ketamine. In the midazolam group, three received acetaminophen elixir and one received intravenous morphine sulfate whilst in the ketamine group six received acetaminophen elixir and two received oral codeine phosphate. No patient received more than one dose of analgesic medication. Postoperative vomiting occurred in one patient in the midazolam group and in three patients in the ketamine group (P = NS). None of the children who vomited received analgesics except for one child in the ketamine group who received acetaminophen. One child in the midazolam group experienced nightmares on the fast night after surgery. Emergence phenomena were not observed in any of the children during their stay in the recovery room.
The time from the end of surgery until the child was considered fit for discharge home was greater after ketamine premedication than after midazolam premedication (P < 0.05) (Table III) . Thirty-three completed questionnaires (82.5%) were returned for analysis. Two questionnaires from children in the midazolam group and five from those in the ketamine group were not returned. Of the 33 questionnaires returned, 31 of the parents responded that their children were "adequately relaxed" at the time of separation, although two parents stated that they would have preferred to wait beyond 20 rain to increase the level of sedation. The parents of ten children who had undergone previous surgery without premedication believed that oral premedication had been of benefit to their children during their surgery. Finally, 29 of the parents suggested that the premedication administered would also benefit their children before subsequent surgery and another two agreed with this notion provided that the flavour of the carrier vehicle could be improved.
Discussion
We tested the null hypothesis that both oral midazolam and oral ketamine are effective premedications for children one to six years of age scheduled for elective surgery. 3,6 Our results demonstrate that both premedicants produce sedation and anxiolysis at the time of separation from the parents and application of the face mask. However, post-anaesthetic recovery may be more rapid after midazolam than after ketamine.
We studied a cohort of children who were scheduled for dental surgery for several reasons: (1) these children required general anaesthesia because they were uncooperative in the dental chair or because they had extensive caries; (2) it was possible to use a standardized anaesthetic technique for this type of surgery; (3) a healthy and homogeneous cohort of children could be recruited for inclusion in the study; and (4) intraoperative opioids could be avoided by judicious use of local anaesthetic blocks, thereby minimizing the impact of confounding variables during the assessment of recovery. At the conclusion of this study, we were satisfied that this population of children and this type of surgery were appropriate to undertake this comparative trial.
The design of this study may be criticized in that it was not a placebo-controlled trial of two oral premedications. We concede the absence of a placebo treatment group but defend our design: (1) in at least four published studies, the effectiveness of both midazolam and ketamine were compared with placebo and were found to be superior to placebo treatment, 1~ (2) we questioned the ethics of including a placebo arm in a study where the superiority of these medications over placebo for preanaesthetic sedation and anxiolysis had been established, and (3) we could not justify on either scientific or ethical grounds, the inclusion of a placebo arm where the null hypothesis was constructed to compare the effectiveness of two premedications.
We were concerned that we may have underestimated our baseline measurements of sedation and anxiolysis in this study. This concern is based on the fact that we measured all baseline values in the ambulatory surgery waiting room after the children had changed their clothing from streetwear to unfamiliar hospital clothing, had been examined by a nurse, had a finger pricked for a preoperative blood test for haemoglobin concentration and had listened to a description of the study given to the parents. Any of these factors alone or in combination may have upset the children who participated in this study and increased their level of agitation and anxiety. Hence, baseline sedation and anxiolysis scores after these interventions may have been smaller (see Table I ) than baseline scores before these interventions. As these issues were identified after initiation of the study, their potential contribution to the baseline measurements could not be determined in this study.
The effectiveness of oral midazolam as a sedative and anxiolytic in the young children in this study is consistent with previous reports, t-4 although a recent abstract casted doubts on its superiority over a placebo effect. 9 Possible explanations for the absence of an effect by midazolam in that abstract include baseline measurements of sedation that were greater than in this study (see above) and that children were separated from their parents at least 20 rain after premeditation. Absent from the data was the mean time interval between premedication and the time of separation. It is, therefore, difficult to determine whether the effect of midazolam had waned by the time separation occurred. 2,7 Further insight into the explanation for the lack of effectiveness of midazolam over placebo 9 will await publication of the manuscript.
Two studies concluded that oral ketamine produces uniform, predictable sedation within 20-25 min of administration, facilitates a calm separation from parents and provides good conditions at induction of anaesthesia. 6,1~ Our results differ in that the proportion of calm children at both separation and induction of anaesthesia after oral ketamine was similar to that at baseline. These differences may be attributed to: (1) a smaller dose of ketamine in this study (5 mg. kg -l) than in other studies (6 mg. kg-t) 6,1~ and (2) our failure to achieve a maximum sedative effect within 20-25 min of administration. l0
Post-anaesthetic recovery is difficult to evaluate objectively in pre-school children. In order to quantitate the speed of recovery, we recorded the times from discontinuation of anaesthesia until a specific and objective end-point in recovery was achieved. However, such measurements have their own shortcomings. For example, the interval between discontinuation of anaesthesia and eye opening is influenced by several factors including the severity of pain after dental extractions and by environmental input such as noise and other forms of stimulation in the recovery room. The time to tolerate oral fluids depends, in part, on how frequently the recovery room nurses offer fluids to the children. Despite these shortcomings, we believe that these factors affected both groups similarly and therefore are valid end-points to compare the recovery from premedication and anaesthesia in these two groups of children.
Emergence phenomena have been reported, albeit sporadically, after parenteral ketamine in children. To date, none have been reported after oral administration of ketamine. 6,1~ The absence of emergence phenomena after oral ketamine may be explained by (1) an increased ratio of norketamine to ketamine after oral ketamine, 6," (2) blockade of the side effects of N-methyl-D-aspartate receptor antagonists (such as ketamine) with barbiturates or anticholinergics, 12 and (3) too limited an experience with oral ketamine to comment on a rare phenomenon. These explanations individually or in combination may explain the absence of emergence phenomena after oral ketamine in this study.
What is the cost/benefit ratio of these oral premedications? The cost of midazolam (0.5 mg-kg -l) premedication based on a $19.11 cost for a 10 ml vial (5 mg. kg -I) is $0.19. kg -l. In comparison, the cost of an equally effective dose of oral ketamine (5 mg. kg -l) based on a $24.63 cost for a 10 ml vial (50 mg. kg -j) is $0.25. kg -l. In conclusion, midazolam and ketamine are equally effective premedicants. However, oral midazolam may be preferable to ketamine becausse of the shorter recovery and lower cost.
